This study evaluates spelling errors in the three subtypes of primary progressive aphasia (PPA): agrammatic (PPA-G), logopenic (PPA-L), and semantic (PPA-S). Forty-one PPA patients and 36 agematched healthy controls were administered a test of spelling. The total number of errors and types of errors in spelling to dictation of regular words, exception words and nonwords, were recorded. Error types were classified based on phonetic plausibility. In the first analysis, scores were evaluated by clinical diagnosis. Errors in spelling exception words and phonetically plausible errors were seen in PPA-S. Conversely, PPA-G was associated with errors in nonword spelling and phonetically implausible errors. In the next analysis, spelling scores were correlated to other neuropsychological language test scores. Significant correlations were found between exception word spelling and measures of naming and single word comprehension. Nonword spelling correlated with tests of grammar and repetition. Global language measures did not correlate significantly with spelling scores, however. Cortical thickness analysis based on MRI showed that atrophy in several language regions of interest were correlated with spelling errors. Atrophy in the left supramarginal gyrus and inferior frontal gyrus (IFG) pars orbitalis correlated with errors in nonword spelling, while thinning in the left temporal pole and fusiform gyrus correlated with errors in exception word spelling. Additionally, phonetically implausible errors in regular word spelling correlated with thinning in the left IFG pars triangularis and pars opercularis. Together, these findings suggest two independent systems for spelling to dictation, one phonetic (phoneme to grapheme conversion), and one lexical (whole word retrieval).
1. Introduction
Agraphia
Damage or atrophy in the left hemisphere causes a variety of language deficits. While often not the main complaint of patients with language impairment, these individuals often complain about or demonstrate difficulty in spelling, known as agraphia.
According to cognitive models, linguistic information can take multiple routes to get from input to output (Ellis & Young, 1988) . In the case of spelling by dictation, a heard word may either be recognized, and the spelling retrieved from long term memory, or sounded out, mapping each sound onto a written symbol (a process referred to as phoneme-to-grapheme conversion). We will refer to the former as the lexical or whole-word route to spelling, and the latter as the phonologic route.
Lexical agraphia is based on failure to access orthographic wholeword forms (Beauvois & Derouesne, 1981) , while the phonetic route remains relatively intact. Regular words (e.g. ''cat'') contain predictable mappings of phoneme to grapheme, and may thus be spelled by either the lexical or phonologic route, while exception words (e.g. ''freight'') violate these standard mappings and therefore can only be correctly spelled via the lexical route. Hence, the spelling of regular words would be spared, while spelling of exception words would be impaired. Additionally, misspelled words would likely be spelled in a phonetically plausible manner, leading to regularization of irregular words (e.g., misspelling ''was'' as ''wuzz''), known as surface agraphia.
In phonologic (or phoneme-to-grapheme) agraphia, the primary deficit is in the ability to convert phonemes into corresponding orthographic symbols (Roeltgen, Sevush, & Heilman, 1983; Shallice, 1981) . If the phonologic route is selectively affected, the spelling of familiar and regular words should be relatively spared, as patients still have access to whole word representations. However, the patient will be unable to spell unfamiliar words or 
